HOT TOPICS
Plants have traditionally served as an important source of medicinal compounds, but their application often requires laborious isolation from the native species. Recent advances in genomics, metabolomics, and synthetic biology are increasingly enabling the translation of such ancient medicinal wisdom into modern pharmaceuticals. Kavalactones are the principal psychoactive polyketide natural products found in the rhizome of kava (Piper methysticum), a tropical medicinal plant endemic to the Polynesian islands with well-established anxiolytic and analgesic properties. Here we report de novo elucidation of kavalactone biosynthetic pathway consisting of seven specialized metabolic enzymes. Based on phylogenetic and crystallographic analyses, we highlight the parallel gains of two styrylpyrone synthases in kava, both of which have independently neofunctionalized from an ancestral chalcone synthase to catalyze the formation of the kavalactone scaffold. Subsequent enzymatic steps further facilitate regio-and stereo-specific diversification of kavalactones. We demonstrate the feasibility of engineering heterologous production of kavalactones and their derivatives in bacterial, yeast and plant hosts, thus opening an avenue towards the development of novel psychiatric therapeutics.
HT.01-1 Redox engineering and imaging
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Genetically encoded fluorescent probes contributed significantly to our understanding of biological processes occurring at the cellular and organismal levels. Through that approach, outstanding success has been made in the field of redox biology. Probes for H 2 O 2 , GSH/GSSG, NAD + /NADH, NADPH and other compounds and redox couples are currently used in a variety of models from cell cultures to in vivo imaging. However, understanding the properties of the cellular redox network requires new methods to selectively manipulate its key components and switches. We utilize synthetic biology principles transferring redox active enzymes from yeast and prokaryotic species to mammalian cells in order to control redox reactions and metabolic compounds in various cellular compartments. Examples are the enzymes utilizing D-amino acids, such as D-amino acid oxidases to produce H 2 O 2 and D-amino acid dehydrogenases to tune redox state of nucleotides. With this approach we were able to control H 2 O 2 and NADPH/NADP + levels at the level of compartments, to visualize cellular antioxidant activity and to study inter-organellar H 2 O 2 transport. Overall, combining genetically encoded probes and modulators allows precise control over different parts of the redox network with subsequent analysis of the physiological outcomes. The project is supported by Russian Science Foundation grant 17-14-01086.
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In photosystem II (PSII), the water-oxidation reaction proceeds at the oxygen-evolving complex via the S n -state transitions. In doing so, the oxygen-evolving complex should be linked with electron transfer pathways, proton transfer pathways, and substrate water intake pathways. To identify these pathways and clarify the water oxidation mechanism, we analyzed Mn 4 CaO 5 oxidation and alterations in the H-bond/water network, using a quantum mechanical/molecular mechanical (QM/MM) approach and molecular dynamics (MD) simulations based on the PSII crystal structure [1] . We found that in S 1 , OH -at O4 easily released the proton into a chain of eight strongly H-bonded water molecules [2] . The corresponding H-bond network is absent for O5 in S 1 . In the S 2 state, H 2 O at the W1 site formed a low-barrier H-bond with D1-Asp61. 
